1. Introduction
===============

Blood donation is an important procedure that saves millions of lives; however, unsafe transfusion practices carry the risk of transfusion-transmissible infections (TTIs) ([@b1-epj-08-2747]). An unsafe blood transfusion is very costly from both an economic and a human point of view, not only for the recipients themselves, but also for their families and their communities ([@b2-epj-08-2747], [@b3-epj-08-2747]). Syphilis is caused by the spirochete bacterium Treponema pallidum, which is known to be transmitted sexually and from mother to child. This bacterium is known to infect any organ ([@b4-epj-08-2747]). Clinical manifestation of this disease, when transmitted from mother to child, include spontaneous abortion, stillbirth, manifestation of congenital syphilis, infant death, and late sequelae ([@b5-epj-08-2747]). Syphilis is a chronic disease that occurs worldwide and its prevalence varies significantly in different geographic locations. This disease was first discovered in 1905 and has been mainly described as a sexually transmitted disease. The World Health Organization (WHO) has conducted a survey on the prevalence of four sexually transmitted diseases: chlamydia trachomatis, neisseria gonorrhoeae, syphilis, and trichomonas vaginalis. It was found that syphilis accounts for approximately 10% of these sexually transmitted diseases. Another common route of transmission is through the placenta, thus screening for syphilis is mandatory for umbilical cord blood donors. Transmission of syphilis by means other than the sexual route is infrequent ([@b6-epj-08-2747]). There is no documented evidence to show that syphilis is transmitted via organ transplantation. However, serologic testing of organ donors for syphilis is recommended, but the presence of donor syphilis infection (past or present) is not considered a contraindicator for transplantation if prophylactic antibiotics are administered to the recipient ([@b7-epj-08-2747]). In this study, we conducted a survey on the incidence of syphilis among all blood and stem cell donors at the Prince Sultan Military Medical City (PSMMC) in Riyadh, Saudi Arabia (SA) during a 10 years period from 2006 to 2015.

2. Material and Methods
=======================

We have conducted a survey on all the blood and stem cell donors at the Prince Sultan Military Medical City (PSMMC) in Riyadh, Saudi Arabia. The total number of blood donors that were screened during the last ten-year is 239,330. The male donors consisted of a large group of 235,346 and 3,984 were female donors. A full history and physical examination were performed and recorded for all volunteer blood donors to review their eligibility for donation. The data included age, sex, weight, profession, marital status, being a relative of the patient receiving the transfusion or a voluntary donor, donation number, date of the last donation, information of received blood quantity and type, information of screening test results, and other relevant data. Also, the physical examination and laboratory findings were recorded. Similarly for stem cell donors, a full history and physical examination were performed and recorded for all donors to review their eligibility for donation. We use stem cells collected BY apheresis either from autologous patients or allogeneic donors. We screened 202 donors from 2006 until 2015. The blood tests that were conducted on potential donors included the treponemal test (Roche Diagnostics), which uses total antibodies to detect Treponema Pallidum (TP). These tests detect specific antitreponemal antibodies to antigens, indicating exposure during the patient's life. A positive test is an indicator of syphilis, which may be in a latent stage for years or decades. This test is specific, but may report false positive cases especially in low prevalence populations. In summary, this test uses the sandwich principle of immunoassays for an in vitro qualitative determination of total antibodies to TP in human serum and plasma. TP detection was confirmed by using the IgM-class of antibodies to TP in the human serum. The DIAsource KAPRSPM17 Syphilis IgM Elisa kit was used as a part of the confirmatory test. Briefly, in this assay, controls and unknowns were incubated in microtitration wells coated with purified and inactivated treponema antigen. After incubation and washing, the wells are treated with a conjugate composed of anti-human IgM antibodies labeled with the substrate tetramethylbenzidine (TMB). At the end of the test, the absorbance is measured at a wavelength of 450 nm. We determined the seroprevalence of infection and compared using sex and other variable through frequency analysis, chi square, Fisher, and prevalence ratios.

3. Results
==========

The total number of blood donors screened was 239,330, of which male donors consisted of the majority of 235,346 (98.3%) and the female donors were 3,984 (1.7%). In this study, 89% of blood donors (both male and female) were Saudis. The mean and median age of all blood donors (both male and female) was 36 and 35, respectively. The prevalence of syphilis is shown in [Table 1](#t1-epj-08-2747){ref-type="table"}.

The prevalence of positive and equivocal results for syphilis was 0.044% of the total population of blood donors screened. This study has shown that only 60 blood donors were positive among the 239,330 donors screened, which amounts to a mere 0.025%. Among positive cases, only 3 donors were female, which amounted to 0.075%. We tested another group, which was ambiguous in nature, and the positive results for this group could not be conclusively determined. This group is referred to as the equivocal group. We had 46 donors in this group whose blood donations were differed is a reproducible manner, out of which 45 were male donors. Regarding the age groups of the positive and equivocal cases, we assessed the male group due to the very low numbers in the female group. We have seen that the highest number of positive cases lie between the ages of 21--30 years, whereas the highest number of equivocal cases lie within the 41--50 age group ([Figure 1](#f1-epj-08-2747){ref-type="fig"}). Overall, we have a very small percentage of positive or equivocal cases of syphilis, whereas a majority of donors were shown to have negative results in both the male and female groups. Similarly, out of 202 cases of stem cell transplants donors, male donors were 119 (59%) and female donors were 83 (41%). The mean age for all donors was 30 years ([Table 2](#t2-epj-08-2747){ref-type="table"}). We have not detect any positive case of syphilis among the stem cell donors (0%) in our study.

4. Discussion and conclusions
=============================

Syphilis can be transmitted during direct sexual contact, through blood transfusions, and from a pregnant woman to her unborn child ([@b8-epj-08-2747]). However, blood transfusion currently play a minor importance due to the available sensitive methods of detection, as well as routine screening of blood products for syphilis. Screening for syphilis is mandatory for routine blood transfusions, as well as cord blood donations. There are currently 36 million people infected with syphilis worldwide, with 12 million new cases reported every year. The WHO prepared a report in 2008 on the global incidence and prevalence of selected curable sexually transmitted infections. Although, most new syphilis cases occur in developing countries, syphilis has re-emerged as a health concern in a number of developed nations over the past decade ([@b9-epj-08-2747]). A 5-year surveillance study has been conducted to assess and identify the prevalence of sexually transmitted disease in Saudi Arabia (SA) ([@b10-epj-08-2747]). It should be noted that there is an annual incidence of approximately 3,500 cases sexually transmitted cases in SA, of which the percentage of syphilis accounts for 8.7%. This is marginally lower than the global average of 10% of sexually transmitted diseases ([@b11-epj-08-2747]). In the current study, we have seen that the highest number of positive cases are aged between 21--30 years, whereas the highest number of equivocal cases lie within the 41--50 age group. This data is consistent with a global study that showed a high prevalence of positive cases among young donors ([@b12-epj-08-2747], [@b13-epj-08-2747]). In our study, the prevalence of positive and equivocal cases of syphilis was 0.044% of the total population of blood donors screened. This very small percentage is due to a stringent screening and the efforts of local government agencies, regulatory, and accrediting agencies focused on the elimination of syphilis and spreading awareness among individuals. Similar or very near results were reported in other countries; 0% seroprevalence among Iranian and Egyptian blood donors ([@b14-epj-08-2747], [@b15-epj-08-2747]), 0.02% in Turkey ([@b16-epj-08-2747]), 0.1% reported in Port Harcourt, 0.2% among blood donors in the Niger delta of Nigeria ([@b17-epj-08-2747], [@b18-epj-08-2747]), and 0.75% in Pakistan ([@b19-epj-08-2747]); whereas higher results were reported in Ghana (7.5%) ([@b20-epj-08-2747]), in Ethiopia (12.8%) ([@b21-epj-08-2747]), in Tanzania (12.7%) ([@b22-epj-08-2747]), and in Nigeria (3.6%) ([@b23-epj-08-2747]). In our institute, we use stem cells collected using apheresis either from autologous patients or allogeneic donors. We have not seen any case of syphilis among stem cell donors due to strict regulatory requirements. In our transfusion facility we follow the guidelines of international accreditation agencies, such as the American Association of Blood Banks (AABB) and the Foundation for Accreditation for Cellular Therapy (FACT), as well as the Joint Accreditation Committee for ISCT and EBMT (JACIE). The guidelines stipulated by these organizations have greatly assisted the containment of syphilis in our community. However, in the years to come, we hope to eradicate syphilis entirely through a concerted effort with the WHO, local government agencies, regulatory and accrediting agencies through the elimination of syphilis and spreading awareness among individuals in the community.
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###### 

The total number of blood donors screened for syphilis within the last 10 years. The positive, negative, and equivocal cases are shown.

  Donors Syphilis Screening (2006 -- 2015)                               
  ------------------------------------------ ------------- ------------- ------------
  Total Screened Donors                      239,330       235,346       3,984
  Positive cases                             60 (0.025%)   57 (0.024%)   3 (0.075%)
  Equivocal                                  46 (0.019%)   45 (0.019%)   1 (0.075%)
  Negative cases                             239,224       235,244       3,980
  Mean Age (year)                            36            36            35
  Median Age (year)                          35            35            33

###### 

The total number of stem cell donors screened for syphilis from 2001 until 2015. The positive and negative cases are shown.

  Stem Cell Donors Syphilis Screening (2001--2015)               
  -------------------------------------------------- ----- ----- ----
  Total Screened Donors                              202   119   83
  Positive cases                                     0     0     0
  Negative cases                                     202   119   83
  Mean Age (year)                                    30    32    28
  Median Age (year)                                  29    31    26
